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By David G. Stone and Carl A. Sandshl
SUMMARY

Rocket-powered flight investigations have been conducted for the
purpose of comparing damping-in-roll results as obtained from a torque-
nozzle technique in which the test configuration is the complete vehicle,
and the sting-mount technigue in which the test configuration is mounted
on a nose sting on the rocket-powered vehicle, The Mach number range of
these tests was approximately 0.6 to 1.4 corresponding to Reynolds num-
ber ranges of about 1 X 106 to 2.2 x 106 for the sting-mount technique,
and about 2.3 X 106 to 8.0 x lO6 for the torque-nozzle technlque. Good
agreement of the damping-in.roll derivative was obtained hetween the two
techniques for a configuration consisting of a pointed cylindrical body
heving three rectangular unswept wings of NACA 65A009 airfoil sections.

INTRODUCTION

The Pilotless Aircraft Research Division of the Langley Aeronautical
Laboratory employs two free-flight technigues for the measurement of the
damping-in-roll derivative. In one of these techniques the configuration
to be tested 1s attached to the nose of the rocket vehicle by & sting.
The entire test vehicle is forced to roll by offset stabllizing fins,

The resulting damping moment of the test configuration is measured by a
balance in the nose of the test vehicle., In this sting~-mount technlque,
the models are necessdrily small., In the other technique, the test con-
figuration, which 1s the complete vehicle, is forced to roll by the actim
of s special rocket nozzle which produces a known torque about the roll
axls in addition to thrust during the sustainer rocket burning period.

The damping-in-roll derivetive is calculated from the measured incre=-
ment in rolling velocity at a given Mach number between powered and
coasgting flight.
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SUMMARY

Rocket-powered f£flight investigations have been conducted for the
purpose of comparing damping-in-roll results as obtained from a torque-
nozzle technique in which the test configuration is the complete vehicle,
and the sting-mount technique 1n which the test conflguration is mounted
on a nose sting on the rocket-powered vehicle. - The Mach number range of
these tests was approximately 0.6 to 1.4 corresponding to Reynolds num=-
ber ranges of about 1 X 106 to 2.2 X 106 for the sting-mount technique,

and about 2.3 x 106 to 8.0 X 106 for the torque-nozzle technlque. Good
agreement of the damping-in-roll derivative was obtalned between the two
techniques for a conflguration consisting of a polnted cylindrical body
having three rectangular unswept wings of NACA 65A009 airfoil sectionms.

INTRODUCTION

The Pilotless Aircraft Research Division of the Langley Aeronautical
Laboratory employs two free-flight technliques for the measurement of the
damping-in-roll derivative. In one of these technigues the conflguration
to be tested .is attached to the nose of the rocket vehicle by a sting.
The entire test vehlcle is forced to roll by offset stebllizing fins.

The resulting damping moment of the test configuratlon 1ls measured by a
balance in the nose of the test vehlcle. In this sting-mount technique,
the models are necessaerily small, In the other technique, the test con-
Piguration, which is the camplete wvehicle, is forced to roll by the actim
of a speclal rocket nozzle which produces a known torque about the roll
axis in additlion to thrust during the sustainer rocket burning perilod.

The damping-in-roll derivative is calculated from the measured incre=
ment in rolling veloclty at a given Mach number between powered and
coasting flight.

AL UNCLASSIFIED



2 - NACA RM L51A16

In order to provide comparative resulis from the aforementioned
techniques, a configuration consisting of a pointed cylindrical body
having three rectangular wings employing NACA 65A009 airfoll sectlons
attached near the base of the hody was tested by both technigues. The
uge of & larger model for the torque-nozzle technlique snd a scale model
for the sting-mount technique gave results at widely different Reynolds
numbers for comparison and evaluation purposes. The comparisons are
made over a Mach number range from about 0.6 to l.4. The corresponding
Reynolds number range was from sbout 1 X 106 to 2.2 2 106 for the sting-
mount technique and from about 2.3 X 106 to 8.0 x 106 for the torque~
nozzle technique. The flight testsz were conducted at the Pilotless
Aircraft Research Station at Wallops Island, Va.

SYMBOLS
C damping-in-roll deriveati 25
ng-in-ro rivetive [—=
'p APJ.’.
=)

Ci rolling-moment coefficient (%olliggbmomen€>

pb/ 2V wing-tip helix angle, radians
q dynsmic pressure, pounds per square foot

s total area of three wing panels obtalned by extending lesding
and tralling edges to. center line of test wvehicle

b dlameter of circle swept by wing tipé, feet
rolling anguwlar velocity, radians per second
v flight-path velocity, feet per second

M Mach number _ ‘
TEST VEHICLES AND TESTS

In both of the techniques compared hereln, the damping-ineroll
derivatives were obtailned only at zero net 1lift.
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Torque-Nozzle Technlque

The general arrangement of the configuration tested by means of the
torque~nozzle technique 1ls shown in figures 1 and 2. The fuselage,
rocket motor, and torgue-nozzle arrangement were ldentical to models
described in reference 1. The wing has an aspect ratio of 3.7, no sweep
or taper, and NACA 65A009 airfoll sections parallel to the model center
line. The wing construction which was used to obtain light but rigid
wings is shown in figure 2.

In this technique the test configuration is Fforced to roll by thé
action of a special canted rocket nozzle assembly (fig. 2) which pro-
duces a known torque about the roll axis In additlon to thrust during
the rocket burning periocd. The damping-in-roll derivative is calculated.
from the Increment in rolling velocity at a given Mach number between
sustalner-on and coaesting f£fiight. It will be noted thaet in this technique
1t is unnecessary to correct for any effects, of asymmetry of the test
wings. This technique is more completely described in reference 1.

Stinngount Technique

The general arrangement of the sting-mounted model and the rocket
vehicle 1s shown in figures 3 and 4. The sting-mounted test configura-
tion was & 0.294-scale model of the configuratlion employed in the torque-
nozzle technique.

In this technique the entire test vehicle 1s forced to roll during
flight by the offset stabllizing tall fins, The resulting damping
moment of the test configuration is meassured by means of a balance in
the nose of the test vehicle. The values of CZP are celculated from

this measured moment, after aspplyling corrections for any measured
agymmetry of the test wings, assuming that the rolling moment on the
test configuration would be zero when the rolling velocity was zero. 4
description of this sting-mount technique is glven 1n reference 2.

The variation of Reynolds number, based on wing_chorﬁ, is shown in
flgure 5 for both techniques. The Reynolds numbers differ by a factor
of 3 or greater over the Mach number range.

RESULTS AND DISCUSSION

The basic aerodynamic qusntities measured by the two techniques are
shown in Ffigure 6. Figure 6(a) illustrates data from the sting-mount
technique by showing the helix angles of the vehicle (pb/2V based on
the span of the sting-mounted model) produced by the offset stabilizing
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fins at the rear. The damping-in-roll derivative CZP was obtalned by
dividing the C; by the pb/2V which asgumes thet C; = O at zero -
rolling velocity and that C; 1is linear with pb/2V.

Figure 6{b) illustrates the data from torque-nozzle technique showing
the varlation of rolling veloclty for the known torque or rolling moment
produced by the canted nozzles. Shown are the resulte for two nominally
1dentical models differing only in booster rocket motors so that the
resulting Mach number ranges of the data are different but overlapping.
The demping-in-roll derivative CZP was cbtained from the known rolling-

moment coefficient and the differences in helix angle A%%- at a gliven
Mach number as explained more fully in reference 1.

‘Also shown in figure 6(b) is the wing-dropping phencmenon, reported
in reference 3, as evidenced by the abrupt change in pb/EV near M = 0,9
in the coasting part of the flight. Shown is a faired line across this
wing-drop discontinuity, This fairing ls comparable to the assumption

that C; =0 at %; = 0 1n the sting-mount technique. The discontlnouity

which occurs in the sustelner-dn curves at approximateiy the same Mach

number wag not faired out inasmuch as this discontinulty probably reflects * -
some change in the damping in roll es well as a wing-dropping tendency.
The A%?- values obtalned by the fairing across the trim change which -

occurred durlng coasting flight were used 1n determining the Czp values
which are compared with the CIP values determined from the sting-

mount technique in figure 7. The single curve for the torque-nozzle
technique was obtained by averaging resultis obtalned with two models
employing different boosters.

The comparison of the Clp values from the two tgchniques (fig. 7)

shows good asgreement, even though the Reynolds numbers differed conslider-
ably for the two teat techniques. Both techniques recorded abrupt changes
in the damping in roll in the Mach number range from 0.9 to 1.0 which are
not necessarlily changes in CZP, but may result from changes in measured

rolling moment or rolling veloclty caused by local shock and boundary-
layer interaction effects in this Mach number region, The measurement
of the damping in roll at transonic speeds of wings which exhibit wing
dropplng by means of the present technigques, both of which assume that
Czp is constant at a given Mach number, is only qualitatlve Inasmich

as wing dropping may be regarded as resulting in variable CZP at a
glven Mach number. It should be noted, however, that the transonic
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lateral flying qualities of airplanes having wings susceptible to wing
dropping will probably be more affected by this wing dropping than by
any damping-in-roll which msy be developed.

With the torque~nozzle technique, the effects of varlation of helix
angle on damping were determined for a range of helix angles from 0.006
to 0.045 radlan by the use of different cant angles in the nozzle
assemblies (fig. 2) to vary the lncremental rolling velocity between
sustaliner-on and coasting flight. Three cant angles were employed and
the results obtained are shown in figure 8. A model with 25° cant angles

gave A%%- values of 0.006 to 0.020; two models with 30° cant angles
gave A%;- values of 0.008 to 0.032; and two models with 40° cant angles

gave A%? values of 0.0ll to 0.045. An average curve i1s presented for

the two models in each case. The ranges of A%? are such that, in each

case, the smaller values of A%%- occurred at the highest Mach numbers

and conversely the larger values of A%? occurred at the lowest Mach

numbers. As can be noted in figure 8, for the ranges of helix angles
investigated, no significant changes occurred in the damping in roll.

CONCLUSIONS

Comparative damping-in-roll tests of a configuretion comsisting of
a pointed cylindrical body having three rectangular wings of aspect
ratio 3.7, no sweep, and NACA 654009 airfoll sections were made by the
torque-nozzle technique and the sting—mount technique. Good agreement
between the values of Czp (damping-in-roll derivative) was obtained in

the Mach number fange from 0.6 to 1.4 for Reynolds number ranges of

1.0 X 106 to 2.2 X 106 for the sting-mount technique and 2.3 X 106 to
8.0 x 10® for the torque-nozzle technigue.

Langley Aeronautical Laboratory
National Advisory Committee .for Aercnautics
Langley Field, Va. -
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Figure 1.~ Torgue-nozzle technique configuretion.
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Figure 6.~ Aerodynamic quantities measured by the two testing techniques.
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Figure 8.~ Variation of CZP values for various ranges of helix angles as
determined with the torque-nozzle technique.
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